INTRODUCTION
Japan has the longest life expectancy in the world 1 and Japanese people also have a long healthy life expectancy based on the period over which they can live independently 2 . A major factor in healthy longevity is the influence of "the Japanese diet", which describes the unique and distinct dietary lifestyle of Japanese people. The Japanese diet is diverse and rich in rice and traditional foods such as fish, vegetables and soybeans, as well as meat, milk, oils and fruits 3 . In addition, the Japanese diet abundantly includes materials such as fermented foods, seaweed, and green tea, which have high health benefits. Characteristic components of the Japanese diet have been widely studied worldwide 4 6 . However, there have been few studies that have scientifically examined the impact of the "whole Japanese diet", including all components, on physical health.
In a previous study, we created one-week menus of the modern Japanese diet and the modern American diet based on a dietary intake survey conducted in each country, after which we prepared, freeze-dried, and powdered the diets and fed them to rats to examine effects on health 7 . A comprehensive DNA microarray analysis of liver gene expression showed that the levels of stress-response genes were lower and those of energy-, glucose-and lipid metabolism-related genes were higher in rats fed the modern Japanese diet compared to those fed the modern American diet. This suggested that the Japanese diet decreases stress and is less likely to cause obesity due to stimulation of metabolism compared to the modern American diet. The study provided a scientific basis for the effectiveness of the Japanese diet for maintaining health.
Given that the contents of the Japanese diet have been visceral fat was the lowest and the average size of adipocytes was the smallest in mice fed the 1975 Japanese diet.
In DNA microarray analysis, the levels of glucose-and lipid metabolism-related genes were higher in mice fed the 1975 Japanese diet. Therefore, the 1975 Japanese diet appears to limit accumulation of visceral fat and is the least likely to cause obesity among Japanese diets from different eras. In subsequent studies, the 1975 Japanese diet has been shown to have beneficial effects on diabetes, fatty liver, dementia and lifespan 8, 10 .
An epidemiological study of the association of dietary patterns and rates of coronary heart disease conducted in the 1950s in seven countries showed that lifestyle-related disease incidence and mortality rates were lower in Mediterranean countries compared to the United States and Northern Europe 11 . Since then, "the Mediterranean diet", which is the traditional diet in this area, has been viewed as a healthy diet worldwide and many studies have examined its health benefits. The Mediterranean diet is not a specific diet, but rather a collection of eating habits traditionally followed by people in countries bordering the Mediterranean Sea 12 . It is characterized by high intake of whole-grain cereals, legumes, nuts, vegetables, fruits and olive oil; moderate intake of low-fat dairy products, fish, and red wine during meals; and low intake of red meat and processed meat products 12, 13 . The Mediterranean diet improves glucose and lipid metabolic disorders in patients with type 2 diabetes or coronary heart disease 14 , and improves fat accumulation and insulin resistance in the liver of patients with nonalcoholic fatty liver disease 15 . A metaanalysis of eight cohort studies that examined relationships among the Mediterranean diet, mortality, and causes of death revealed that the Mediterranean diet reduces overall mortality by 9 , cardiovascular disease mortality by 9 , and cancer mortality by 6 16 .
The Japanese diet and the Mediterranean diet clearly have health benefits, but there has been no direct comparison of these benefits. In this study, we used the 1975 Japanese diet as a representative Japanese diet and the 2010 Italian diet, which is associated with longest life expectancy in Mediterranean countries, as a representative Mediterranean diet 17 . One-week menus of these diets were prepared based on FAOSTAT Food Balance Sheets 18 . The freeze-dried, powdered diets were fed to mice to examine their effects on lipid metabolism.
MATERIALS & METHODS

Preparation of test diets
To compare the health benefits of the 1975 Japanese diet and the 2010 Italian diet, two test diets were prepared as previously reported 7 10 . First, one-week menus for 21 meals of the two diets Tables 1 and 2 were created based on FAOSTAT Food Balance Sheets with the guidance of a registered dietitian, with reference to a reported method 18 .
The diets were prepared, freeze-dried in a vacuum freeze dryer FD-550 R; Tokyo Rikakikai , and homogenized by grinding and stirring. The nutritional composition fat, protein, moisture, ash, carbohydrate and energy of the prepared diets was determined to confirm the actual values Table 3 . Fat was measured by acid digestion; protein by a modified Dumas method Sumigraph NC analyzer NC-220 F; Sumika Chemical Analysis Service ; moisture by vacuum oven drying; ash by direct ashing; and carbohydrate by subtracting the fat, protein, moisture and ash contents from the total amount 8, 19 . The energy content was calculated using modified Atwater factors 4, 9 and 4 kcal/g for protein, fat and carbohydrate, respectively 19 . The fatty acid composition of test diets was analyzed by gas chromatography GC GC-2014, Shimadzu, Kyoto, Japan using a flame ionization detector and a Supelco wax-10 fused silica capillary column 60 m 0.32 mm, 0.25-μm film thickness, Supelco, Bellefonte, PA, USA as previously reported 20   Table 4 . The total lipids from test diets were extracted using the method described by Bligh & Dyer, methylated, and subjected to GC.
Animals
All animal procedures were performed in accordance with the Animal Experiment Guidelines of Tohoku University, and the animal protocol was approved by the Animal Use Committee at Tohoku University 20, 21 . The 1975 Japanese diet or 2010 Italian diet was given as the test diet. The control group was given AIN-93G to examine development of mice reared under standard conditions 21 . ICR mice 4 weeks old, male; Japan CLEA were fed a standard laboratory diet CE-2 for one week before the study, after which they were randomly divided into three groups of 8 mice, such that the average body weights in the groups were nearly equal. The three groups were fed 2010 Italian diet group ID , 1975 Japanese diet group JD , and AIN-93G group AIN . Mice were given free access to their respective diet and distilled water in a temperature-and humidity-controlled room with a 12-h light/12-h dark cycle. At the end of the 4-week period, the mice were weighed and blood samples were collected by decapitation. Brain, heart, lungs, liver, spleen, pancreas, kidneys and white adipose tissues were removed and weighed. Serum and organs were stored at 80 until use. 
Biochemical analyses in serum and liver
The lipid compositions in liver and serum were measured as described previously 22, 23 . Triacylglycerol TG and total cholesterol TC in serum and liver, and phospholipid PL , glucose, alanine aminotransferase ALT and aspartate transaminase AST in serum were measured using commercial enzyme kits Wako Pure Chemical, Osaka, Japan . Insulin in serum was determined using an ELISA kit Morinaga Institute of Biological Science, Kanagawa, Japan . PL in liver was determined using the method described by Rouser 24 .
Histological analysis
For histological analysis of liver and white adipose tissue, liver and epididymal adipose tissue were fixed in 10 formalin and embedded in paraffin 25 . Vertical sections 5 μm were cut, mounted on a glass slide, stained with hematoxylin and eosin, and observed using a microscope BZ-9000; Keyence, Osaka, Japan . The mean area of adipocytes in each group was calculated.
mRNA expression analysis
For real-time quantitative reverse transcriptase PCR qRT-PCR , total RNA was isolated from liver using an RNeasy Mini Kit Qiagen, Valencia, CA 21, 26 , eluted with 40
μL RNase-free water, and stored at 80 until use. To quantify expression levels of genes, mRNA levels for acetylcoenzyme A carboxylase beta Acc , actin beta, cytoplasmic Actb , acyl-coenzyme A oxidase 1, palmitoyl Aco , carnitine palmitoyl transferase 1β Cpt1 , carnitine palmitoyltransferase 2 Cpt2 , cytochrome P450 family 7, subfamily a, polypeptide 1 Cyp7a1 , fatty acid synthase Fas , glucose-6-phosphate dehydrogenase X-linked G6pdx , 3-hydroxy-3-methylglutaryl-coenzyme A reductase Hmgcr , malic enzyme Me , nuclear receptor subfamily 1, group H, member 3 Lxrα , peroxisome proliferator activated receptor alpha Pparα , and sterol regulatory element binding factor 1 Srebp1c in liver were determined with a Thermal Cycler Dice Real Time System ® Takara Bio, Otsu, Japan . This system allows real-time quantitative detection of PCR products by measuring the increase in fluorescence caused by binding of SYBR green to double-stranded DNA 27, 28 . In brief, cDNA was made The diets prepared according to the menus were freeze-dried, powdered and fed to mice as test diets. The measured value was obtained by measuring the whole diets after cooking used in this study. The theoretical value was calculated from the nutrition supply per capita shown in the Food Balance Sheets from FAOSTAT. 
Statistical analysis
All statistical analyses were performed using EkuseruToukei 2012 SSRI, Tokyo, Japan . Results are expressed as mean SE. Data were analyzed by one-way ANOVA with a Tukey-Kramer post hoc test. A difference was considered to be significant at p 0.05.
RESULTS
Nutritional compositions of test diets
In this study, the effects of the 1975 Japanese diet and the 2010 Italian diet on lipid metabolism were examined in mice. One-week menus for 21 meals of these diets Tables  1 and 2 were created using food materials from each country in each era, based on FAOSTAT Food Balance Sheets and mainly using cooking methods from each country, with the guidance of a registered dietitian. The Japanese diet included rice, sliced raw fish, simmered Forward GGAGACATCGCAAACAAGC Reverse TGAGGTTCCAAAGCAGACTG Acc, acetyl-Coenzyme A carboxylase beta; Actb, actin beta, cytoplasmic; Aco, acylCoenzyme A oxidase 1, palmitoyl; Cpt1, Carnitine palmitoyl transferase 1β; Cpt2, carnitine palmitoyltransferase 2; Cyp7a1, cytochrome P450, family 7, subfamily a, polypeptide 1; Fas, fatty acid synthase; G6pdx, glucose-6-phosphate dehydrogenase X-linked; Hmgcr, 3-hydroxy-3-methylglutaryl-Coenzyme A reductase; Me, malic enzyme; Lxrα, nuclear receptor subfamily 1, group H, member 3; Pparα, peroxisome proliferator activated receptor alpha; Srebp1c, sterol regulatory element binding factor 1.
dishes, natto fermented soybeans and miso soup, whereas the Italian diet included bread, baked seafood, grilled red meat, vegetable salad and cheese. Regarding nutritional compositions, the theoretical values calculated from the FAOSTAT Food Balance Sheets and the measured values in the prepared diets did not differ much for each diet; therefore, the test diets were prepared with good reproducibility Table 3 . The Japanese diet had a large proportion of carbohydrate in total energy, whereas the Italian diet had a large proportion of lipid. The Japanese diet also had high salt content. In the fatty acid composition, the ratio of polyunsaturated fatty acids in the Japanese diet was higher than that in the Italian diet, and the ratio of ω3 fatty acids such as eicosapentaenoic acid EPA, 20:5 n-3 and docosahexaenoic acid DHA, 22:6 n-3 in the Japanese diet was also higher than that in the Italian diet Table 4 . On the other hand, the ratio of oleic acid 18:1 n-9 in the Italian diet was higher than that in the Japanese diet. The fatty acid composition of AIN-93G was the composition of soybean oil.
Growth parameters
There were no significant differences in body weight, food intake and energy intake between the Japanese diet JD and Italian diet ID groups Table 6 . The liver weight in the JD group was significantly lower than that in the ID group. The weights of mesenteric adipose tissue, epididymal adipose tissue, and the total weight of these tissues and perinephric adipose tissue in the JD group were significantly lower than those in the ID group. There were no significant differences in other tissue weights between the two groups. Since there was a significant difference in white adipose tissue weight, histological analysis was performed by staining epididymal adipose tissue with hematoxylin and eosin. The sizes of adipocytes in the JD group were smaller than those in the ID group Fig. 1 a and the average size of adipocytes was significantly smaller in the JD group Fig. 1 b . And, compared to the AIN group, there was no significant difference in body weight in the ID group, food intake was significantly lower but there was no significant difference in energy intake, the liver weight was significantly higher, the spleen weight was significantly lower, there was no significant difference in white adipose tissue weight but the average size of adipocytes was significantly larger, and there were no significant differences in other tissue weights. On the other hand, there were no sig- 
Biochemical parameters in serum and liver
There were no significant differences in TG, TC and PL levels in serum between the JD and ID groups Table 7 . The serum glucose level in the JD group was significantly lower than that in the ID group, and the serum insulin level in the JD group was less than one-third that in the ID group and showed a tendency to be lower in the JD group p 0.08 . The value of HOMA-IR, an index of insulin resistance, also showed a tendency to be lower in the JD group p 0.07 . There were no significant differences in serum ALT and AST levels between the two groups. The liver TG level in the JD group was about half that in the ID group, and showed a tendency to be lower in the JD group p 0.13 . There was no significant difference in the TC level in liver between the two groups. The liver PL level in the JD group was significantly higher than that in the ID group. Since the liver TG level showed a tendency to be lower in the JD group, histological analysis was performed by staining the liver with hematoxylin and eosin. Marked lipid accumulation was observed in hepatocytes in the ID group, whereas there was little lipid accumulation in hepatocytes in the JD group Fig. 2 . And, compared to the AIN group, the serum TG level in the ID group was significantly lower, the serum TC level was significantly higher, the serum glucose level was significantly higher, the serum insulin level was more than twice as high and showed a tendency to be higher p 0.14 , the value of HOMA-IR also showed a tendency to be higher p 0.09 , the serum ALT level was significantly lower, the liver TC level was significantly higher, the liver PL level was significantly lower, and marked lipid accumulation was observed in hepatocytes. There were no significant differences in other parameters in the ID group compared to the AIN group. On the other hand, TG and ALT levels in serum in the JD group were significantly lower than that in the AIN group, the serum insulin level in the JD group was 74 of the AIN group and the value of HOMA-IR was 75 , the liver TG level in the JD group was about half that in the AIN group and showed a tendency to be lower in the JD group p 0.05 , and there was little lipid accumulation in hepatocytes in the JD group. There were no significant differences in other parameters between the JD group and the AIN group. These results show that the Japanese diet is less likely to produce insulin resistance and reduces accumulation of lipid in the liver, compared to the Italian diet and AIN-93G.
mRNA expression analysis in the liver
The liver plays a central role in lipid metabolism. Therefore, the differences in lipid accumulation in white adipose tissue and liver may have been due to a difference in lipid metabolism in liver. Thus, the expression levels of lipid metabolism-related genes in liver were measured by qRT-PCR. The level of Srebp1c, which promotes fatty acid synthesis, was significantly lower in the JD group than in the ID group Table 8 , and the levels of Acc and Fas, which are related to fatty acid synthesis, in the JD group were about half that in the ID group. In contrast, the level of Pparα , which promotes fatty acid β oxidation, tended to be higher in the JD group p 0.09 . There were no significant differences in the expression levels of other genes related to fatty acid metabolism between the two groups, and there was also no significant difference in the level of Hmgcr, which is related to cholesterol synthesis. However, the level of Cyp7a1, which is related to cholesterol catabolism, in the JD group was about twice that in the ID group and showed a tendency to be higher in the JD group p 0.13 . These results show that the expression levels of genes related to fatty acid synthesis were lower in the JD group, whereas those of genes related to catabolism of fatty acids Fig. 2 Effects of the Japanese diet and the Italian diet on liver in mice. Liver sections from representative mice of each group hematoxylin and eosin, scale bar 100 μm . and cholesterol were higher in the JD group. And, compared to the AIN group, the level of Srebp1c in the ID group was significantly higher and the level of Fas was more than twice as high, the levels of Aco, Cpt1, Cpt2 and Pparα , which promotes fatty acid β oxidation, were significantly lower, and the level of Cyp7a1 was significantly lower. Therefore, the expression levels of genes related to fatty acid synthesis were higher, and the levels of genes related to catabolism of fatty acids and cholesterol were lower in the ID group compared to the AIN group. On the other hand, compared to the AIN group, the level of Acc in the JD group was less than half, and the levels of Aco and Pparα were significantly lower. Therefore, the expression levels of fatty acid metabolism-related genes were overall lower in the ID group compared to the AIN group. These suggest that the Japanese diet suppresses fatty acid synthesis and promotes catabolism of fatty acids and cholesterol in the liver, compared to the Italian diet, and suppresses the expression of fatty acid metabolism-related genes compared to AIN-93G.
DISCUSSION
This study of the effects of diet on lipid metabolism in mice revealed that a Japanese diet reduces accumulation of lipid in white adipose tissue and liver by suppressing fatty acid synthesis and promoting catabolism of fatty acids and cholesterol in the liver, compared with an Italian diet. These results were obtained using the 1975 Japanese diet, which we previously showed to have a high health benefit, and the 2010 Italian diet, as one of the Mediterranean diet.
Menus of these diets were based on FAOSTAT Food Balance Sheets 18 , which show the nutrition supply per capita, and prepared with the guidance of a registered dietitian. For example, seafood was used for sliced raw fish, salt-grilled, simmered, Sake-steamed and miso soup in the Japanese diet, whereas it was baked and fried in the Italian diet. Vegetables were simmered, dipped in sauce and used in miso soup in the Japanese diet, whereas they were used for salad and soup in the Italian diet. Thus, in this study, we also considered differences in the cooking methods in each country.
The measured values of the nutritional compositions of the two diets did not differ much from the theoretical values calculated from the FAOSTAT Food Balance Sheets, suggesting that the test diets were properly prepared. Differences between the measured and theoretical values were considered to be due to loss of food during the cooking process and denaturation of components by heating. Values in FAOSTAT Food Balance Sheets refer only to supply and do not take into account the impact of cooking, whereas the measured values in this study were obtained after cooking. Therefore, the measured values show the compositions of the diets more accurately.
The measured nutritional compositions show that the Japanese diet is a low-fat and high-carbohydrate diet, whereas the Italian diet is a high-fat and low-carbohydrate diet. In an epidemiological study of the effectiveness of three weight-loss diets low-fat, Mediterranean, and lowcarbohydrate diets , the Mediterranean and a low-carbohydrate diets had a weight loss effect and improved carbohydrate and lipid metabolism abnormalities to a greater extent than the low-fat diet 14 . However, in the current study, there was no significant difference in body weight between the JD and ID groups, serum glucose was significantly lower in the JD group, and serum insulin, HOMA-IR, and liver TG tended to be lower in the JD group. These results suggest that the Japanese diet has a better effect on glucose and lipid metabolism than the Italian diet. Our previous study showed that the lipid metabolism-improving effect of the Japanese diet did not depend on the amounts balance of dietary protein, lipid and carbohydrate 9 .
Therefore, the effect of the Japanese diet in this study is likely to be due to the components of the diet. On the other hand, the Japanese diet results in intake of a lot of salt 30 and the salt content is much higher than that in the Italian diet. The short test period of one month may have limited the effect of salt intake in this study. Over a longer period, negative effects of salt increased risk of stomach cancer, increased blood pressure may be seen with the Japanese diet 31, 32 . Comparing the fatty acid composition of the test diets, the ratio of polyunsaturated fatty acids in the Japanese diet were higher than that in the Italian diet, and the ratio of ω3 fatty acids such as EPA and DHA in the Japanese diet were also higher than that in the Italian diet. These are because EPA and DHA are characteristically contained in seaweed and fish which are rich in the Japanese diet 33 . On the other hand, the ratio of oleic acid in the Italian diet was higher than that in the Japanese diet. This is because a large amount of 18:1 n-9 is contained in olive oil which is rich in the Italian diet 33 .
The visceral fat weight in the JD group was lower than that in the ID group and adipocytes were smaller in the JD group. Furthermore, the liver weight was lower, liver TG tended to be lower, and little lipid accumulation was observed in hepatocytes in the JD group. And, compared to the AIN group, serum and liver TG levels in the JD group were lower, and the visceral fat weight tended to be lower. In addition, AIN-93G does not contain cholesterol, while the Japanese diet contains cholesterol. Nevertheless, there were no significant differences in TC levels in serum and liver between the JD group and the AIN group. These results show that the Japanese diet reduces accumulation of lipid in white adipose tissue and liver, compared to the Italian diet and AIN-93G. To investigate this mechanism, expression levels of lipid metabolism-related genes in liver were measured. Srebp1c, which promotes fatty acid synthesis, was significantly lower in the JD group compared to the ID group, and Acc and Fas, which are regulated by Srebp1c, tended to be lower in the JD group. In contrast, Pparα , which promotes fatty acid β oxidation, tended to be higher in the JD group. There was no difference in the level of Hmgcr, which is related to cholesterol synthesis, but Cyp7a1, which is related to cholesterol catabolism, tended to be higher in the JD group. Therefore, the Japanese diet reduces accumulation of lipid in white adipose tissue and liver by suppressing fatty acid synthesis and 18 . Therefore, suppression of lipid accumulation in the Japanese diet in this study was probably caused by these materials. The Mediterranean diet is rich in vegetable lipids such as olive oil and nuts, and is thus a high fat diet, but does not lead to significant weight gain compared to a low fat diet 37 .
Intake of olive oil also lowers the risk of development of type 2 diabetes 38 and there are many reports supporting the health benefits of olive oil, which is present in large amounts in the Mediterranean diet. However, olive oil also activates enzymes related to fatty acid synthesis, such as ACC, FAS and G6PDH; lowers the enzyme activity of CPT, which is related to fatty acid β oxidation; and increases TG in liver 39 41 . In this study, marked lipid accumulation was observed in hepatocytes in the ID group. According to the FAOSTAT Food Balance Sheets, the proportion of olive oil in the total lipid supply in 2010 in Italy was about 35 , and olive oil was the most supplied lipid. Therefore, the effect of lipid accumulation in liver in the Italian diet in this study was probably caused by olive oil. Increases in hepatic lipid accumulation are mainly caused by free fatty acid FFA secreted from adipose tissue 59 , by de novo synthesis in liver 26 , and by dietary FFA 15 42 . When gluconeogenesis is promoted by an increase in FFA inflow into the liver, the blood glucose level rises. FFA also inhibits insulin signaling and causes insulin resistance 43, 44 , and an increase in lipid accumulation in liver correlates with insulin resistance 45 . In this study, serum glucose in the ID group was higher than that in the JD group, and the index of insulin resistance tended to be higher in the ID group. Thus, lipid accumulation in hepatocytes in the ID group may have been caused by an increase in FFA inflow into the liver. This suggests that the Japanese diet is less likely to cause insulin resistance and fatty liver, compared to the Italian diet.
The results of this study do not allow the conclusion that the Japanese diet has higher health benefits than the Mediterranean diet. A report published by FAO in 2008 showed that diets in Mediterranean countries have altered in the past 45 years 46 , with increased intake of meat, fat, salt and sugar-rich foods, and increased energy intake. As a result, obesity has increased, and over half of the population in Italy and Greece are obese. The diet in Mediterranean countries around 1960 resulted in a low incidence of lifestyle-related disease and low mortality 11 . Compared with the diet in 1961 in Italy, the oldest data in the FAOSTAT Food Balance Sheets, the daily energy supply per capita in the Mediterranean diet increased from 2,955 kcal in 1961 to 3,556 kcal in 2010, and the nutritional composition protein, lipid, carbohydrate changed from 11.2 , 23.5 , 65.3 in 1961 to 12.5 , 39.6 , 47.9 in 2010, with the proportion of animal food in the energy supply increasing by about 1.7 times. There are positive correlations between the intake of saturated fatty acids in animal fat and obesity and insulin resistance 47, 48 . The contents of the Japanese diet have also been altered by Western influence in the last 50 years, and in our previous study we found that the effect of the Japanese diet differed according to era. Therefore, the Mediterranean diet in the most healthy period might have had a health benefit comparable to or even higher than that of the 1975 Japanese diet. Hence, this study only shows that the 1975 Japanese diet is less likely to result in obesity and to have a higher health benefit compared to the modern Mediterranean diet.
CONCLUSION
The effects of a Japanese diet and an Italian diet on lipid metabolism in mice were examined in this study. The Japanese diet reduced accumulation of lipid in white adipose tissue and liver by suppressing fatty acid synthesis and promoting catabolism of fatty acids and cholesterol in the liver, compared to the Italian diet. The effects of the Japanese diet can be related to various components of the diet.
